T he relative merits of colloids or noncolloidal salt solutions when used for blood volume augmentation remain controversial and appear to be context sensitive. Various starch preparations have been used for this and similar purposes in many clinical circumstances for several decades. [1] [2] [3] Our understanding of the pharmacokinetic and pharmacodynamic properties of hydroxyethyl starches (HES) has evolved 4 so that we now appreciate that both properties vary depending on the starch source and on their chemical composition: degree of substitution, molecular location of substitution, average molecular weight, and molecular weight distribution. 5 Consequently, the manufacture of HES has progressed from hetastarches (molar substitution ratio, 0.7), to pentastarches (molar substitution ratio, 0.5), and then to tetrastarches (molar substitution ratio, 0.4 or 0.42). In addition, it is reasonable to consider that different clinical conditions could result in differing effectiveness and safety for these preparations.
The presence of an intact tight glycocalyx/vascular endothelial junction in health provides for the retention of colloids, whereas its impairment in various disorders permits the extravasation of colloids, thus simultaneously increasing the volume of colloid required for resuscitation to that approaching salt solutions 6, 7 and offering the possibility of adverse effects because of its extravascular presence. The induction of hypervolemia in healthy individuals has also been reported to allow extravasation of colloids. 8 Recently, there has been concern regarding possible adverse outcomes when using starch preparations in the intensive care setting, especially in septic patients. 9 Prospective, randomized clinical trials 10, 11 and retrospective analyses 9 have suggested that the use of some HES preparations in sepsis adversely affects renal and coagulation function more than does other IV fluids. However, preliminary results from another prospective, randomized study (Crystalloids Morbidity Associated in Severe Sepsis [CRYSTMAS]) 12 indicated that a lesser volume of a 6% tetrastarch was required than 0.9% sodium chloride (NaCl) to produce hemodynamic stability, without having a difference between the 2 in renal or coagulation function or mortality in patients with severe sepsis. Two large prospective trials have addressed this issue as well: one evaluating a potato-derived 6% 130/0.42 tetrastarch (6S) 13 recently reported that 90-day mortality in septic shock is increased in comparison with crystalloid administration. The other, evaluating a maize-derived 130/0.4 tetrastarch, remains in progress (Crystalloid Versus Hydroxyethyl Starch Trial [CHEST] ). 14 HES is used widely for intravascular volume maintenance or augmentation during surgery. The effectiveness and safety of HES is likely to differ when used in relatively healthy people rather than in septic patients because endotoxic shock or sepsis disrupts vascular integrity in experimental animals 15 and patients, 16 causing altered distribution of large molecules. 17 A recent meta-analysis assessed a 130/0.4 tetrastarch in acutely ill and perioperative patients. 18 However, we were unaware of any formal analysis of the data relating to safety emanating from prospective
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METHODS
We used a formal search strategy to assess the safety of tetrastarches when used during surgery. We decided a priori to include in our evaluation data only from randomized trials and to focus on the clinical outcomes of renal function, coagulation function, and mortality. For coagulation, our primary measure was that of blood loss. For a secondary measure, we assessed the frequently used surrogate for blood loss: red cell transfusion (volume and fraction of patients receiving red cell transfusion). We decided a priori to extract laboratory assessments of coagulation function, but not to use those as a clinical outcome owing to the uncertain and controversial relationship in the surgical setting between the laboratory and the clinical findings and the greater importance of the latter. For renal assessment, we evaluated the need for renal replacement therapy (RRT) and because of its low incidence and the well-established relationship of renal function to serum creatinine, change or absolute values of the latter as well. Data for urine output were also sought but deemed to be of uncertain clinical importance and, thus, of lesser value than RRT or creatinine, because of the data being influenced by numerous factors other than specific renal impairment. We searched for volunteer trials and clinical trials in adults or children undergoing general and/or regional anesthesia for elective and emergency surgery, and for trauma and burns, where patients received a tetrastarch: either a waxy maize-derived HES 130/0.4 or a potato-derived HES 130/0.42 compared with another intervention such as another colloid, a crystalloid, a blood product, a vasoactive drug, or no other treatment. We searched in all languages. All clinical outcomes were included to avoid missing data of interest that might not have been included in the title, abstract, or key words. We searched MEDLINE, CENTRAL (Cochrane Central Register of Controlled Trials), and EMBASE from January 1, 1997, to December 1, 2011, using the search terms and strategies indicated in Appendix 1. We included all phase 1 to phase 4 trials and randomized clinical trials in patients or volunteers. Volunteer studies were included only if the HES and comparator were given to the volunteer and excluded if the volunteer only supplied a blood sample for ex vivo manipulation and testing. We included studies in which the trial population underwent surgery, trauma, or burns, even when the fluid was given shortly beforehand (e.g., coload for regional anesthesia) or shortly afterward. We excluded trials where the population was not surgical (e.g., cirrhosis, sepsis, stroke) and assessed only primary reports of data and not reviews or meta-analyses.
To maximize sensitivity, the search did not attempt to remove duplicate data, except where exactly the same trial or publication appeared on more than one database. Hence, we included data that appeared in a peer-reviewed journal as a conference abstract even when a similar (but not identical) reference appeared later in fully published form. Duplicate data were removed later, when all retrieved publications were examined and evaluated. We did not contact authors to attempt to include any data that they may have gathered, but did not publish, and consequently had not been peer reviewed. We included as well trials that were already known to any of us if they met our inclusion criteria, but had not been found by the electronic searches (Appendix 2).
The group met in person on 3 occasions and discussed by telephone and electronic communication the potential value of performing this work to plan the effort, strategy, and organization; to evaluate the results; and to write the article. All of us reviewed the data and contributed to the writing of the article.
Statistics
Differences in proportions (and odds ratios [ORs], and 95% confidence intervals [CIs]) between those patients receiving a tetrastarch and those receiving a comparator for mortality, for transfusion of allogeneic red cells, and need for RRT were assessed by Fisher exact test (Instat 3 for Macintosh, V3.0b; GraphPad Software, Inc., La Jolla, CA).
RESULTS
The search yielded 213 publications of which 59 were determined to meet the a priori inclusion criteria in the acute surgical environment (excluding abstracts and duplicate publications). These studies included 4529 unique patients who had been randomly allocated to be treated with a tetrastarch (n = 2139) or a comparator (n = 2390). Brand names of various HES products are listed in Appendix 3.
Mortality
Twenty-one studies reported mortality for 1918 randomly allocated patients. There were 11 deaths reported in the 956 patients given a tetrastarch (1.15% [ 95% CI, 0.57%-2.05%] and 22 deaths in the 982 patients given a comparator (2.24% [1.41%-3.37%]. The OR for mortality for HES administration versus all comparators was 0.51 ([0.24-1.05]; P = 0.079; Fig. 1 ).
Coagulation
Of all reports meeting the a priori criteria, 50 publications randomly allocated patients to receive a tetrastarch or a comparator that included data regarding blood loss, red cell transfusion, or laboratory studies of coagulation ( Fig. 2 ). For analysis of effects of tetrastarch on coagulation and blood loss, studies of trauma were analyzed separately due to trauma-induced changes of coagulation. 19 Trials performed in a pure surgical context were evaluated according to their primary outcome measure (see the subsequent paragraphs). Among the 48 surgical studies analyzed, there were 38 randomized clinical trials with data for blood loss, containing 1602 patients randomly allocated to receive a tetrastarch and 1678 allocated to be given another HES, other colloid, or a crystalloid solution (for the purposes of this review, we considered MP4OX, a hemoglobin-based oxygen carrier [HBOC], as a colloid, in as much as it was used in that manner and not for its oxygen-carrying property). There was no suggestion that patients given a tetrastarch had increased blood loss relative to those given other fluids ( Fig. 3) . Another 3 publications reported information regarding transfusion, but not blood loss, that included 96 patients randomly allocated to receive a tetrastarch and 125 to receive a comparator. In these 3 studies, use of a tetrastarch was not associated with an increase in blood use when compared with albumin or Ringer's lactate solution but was associated with a decrease in the number of patients transfused when compared with HES 200/0.5.
Nine prospective randomized studies compared a salinebased 6% tetrastarch from waxy-maize origin (130/0.4) with other fluids using blood loss as the primary objective ( Table 1 ). All but 1 concerned cardiac surgery, including 2 evaluating pediatric patients and 1 off-pump coronary artery bypass grafting. The other study assessed patients undergoing urological cancer surgery. Only 1 study claimed to be double blind, but the authors did not describe the blinding process. 20 None reported an increase in intra-and/ or postoperative bleeding. All studies described the transfusion trigger that was applied to patients. The volume of packed red blood cells transfused and the incidence of allogeneic transfusion were comparable between patients randomized to the tetrastarch and those to the control fluid in all reports, except in 1 pediatric study where a significantly smaller fraction of children was exposed to transfusion in the tetrastarch group than that in the 4% albumin group. 21 Twenty prospective randomized studies compared 6% tetrastarches with other fluids using ex vivo coagulation variables as the primary outcome measure. Among these studies, 13 presented data on perioperative blood loss and 9 on perioperative blood transfusion ( Table 2 ). Only 1 trial Ratio of blood loss for patients given a tetrastarch to the blood loss for patients given comparators. The bars are the mean values (95% confidence intervals) of the mean or median group data reported in all publications providing blood loss data for groups of 5 or more trials. n = number of publications providing data; N = number of patients in those trials who were given a tetrastarch; HSA = human serum albumin. Other comparators with <5 trials in a group were MP4OX (a hemoglobin-based oxygen carrier): 2 trials of 385 patients, average blood loss ratio = 0.924; fresh frozen plasma 1 trial, N = 21; blood loss ratio = 1.14; dextran 70 trial, N = 20, blood loss ratio = 0.975. No statistical analyses were performed. 22 These 13 studies were performed in several surgical contexts: minor surgery, cardiac surgery with and without bypass, and major orthopedic and abdominal procedures. Only 1 study concerned pediatric patients. 23 Among these studies, 8 used viscoelastic tests (thromboelastograph, TEG ® , Haemonetics, Braintree, MA; or rotational thromboelastometer, ROTEM ® , Tem Innovations GmbH, Munich, Germany); 2 used laboratory coagulation variables, 1 flow cytometry, 1 a combination of viscoelastic tests and laboratory coagulation variables, and 1 a combination of viscoelastic tests and flow cytometry. Whatever the coagulation tests assessed, none of these 13 studies reported a higher blood loss associated with the use of tetrastarches. Two studies 22, 24 reported that tetrastarch was associated with less perioperative blood loss than with pentastarch. None of the studies reported a difference in packed red blood cell volume transfused between patients treated with the tetrastarch and those treated with the other colloids. One study performed in patients undergoing spine surgery 25 reported a lower incidence of allogeneic blood exposure in patients receiving the tetrastarch compared with those receiving a balanced hetastarch solution. Seven studies 26-32 compared a waxy maize-derived 130/0.4 tetrastarch with pentastarches, hexastarch, hetastarch, modified fluid gelatin, human albumin, and isotonic saline. Of these studies, 5 used viscoelastic tests, 1 laboratory coagulation tests, and 1 flow cytometry. Because none of them reported any results on blood loss and allogeneic blood exposure, the ex vivo coagulation results of effects of these various studied fluids could not be interpreted from a clinical perspective. Fifteen prospective randomized studies compared 130/0.4 tetrastarch with other fluids to maintain protocol-defined hemodynamic stability. Thirteen studies reported data for perioperative blood loss and 11 for allogeneic blood transfusion (Table 3 ). Nine trials were double blinded. Surgical procedures included cardiac surgery (with and without cardiopulmonary bypass), major abdominal surgery, and orthopedic surgery. One was performed in children younger than 2 years. In 11 studies, the volume of tetrastarch required to maintain hemodynamic stability was not different than the volume of the control fluid. One study 33 compared the tetrastarch with 20% human albumin, reporting a significantly higher volume of starch required to optimize invasive hemodynamic variables, including cardiac filling pressure and cardiac output. Two studies 34, 35 compared the tetrastarch solution with an HBOC, MP4OX, given at a dose of 250 to 500 mL to prevent or to treat hypotension induced by spinal anesthesia. Among these 13 studies, 11 did not report a difference in perioperative blood loss between the groups of patients treated with the tetrastarch and the groups with the control fluid. In the 2 other studies, the use of tetrastarch was associated with significantly less perioperative blood loss when compared with a pentastarch 36 or a 20% human albumin solution. 33 None of the 11 studies presenting data for the volume of packed red blood cells transfused reported a difference between the tetrastarch and the control fluid groups. However, 1 study performed in major orthopedic surgery 37 reported a significantly lower total volume of erythrocytes transfused including allogeneic, autologous, and salvaged red cells in patients treated with the 130/0.4 tetrastarch compared with a hetastarch. Among the 7 studies that presented data on the incidence of allogeneic blood transfusion, 5 reported no difference between the patients treated with the tetrastarch and those treated with the control fluid, whereas 2 reported a higher incidence of allogeneic blood exposure in patients treated with a pentastarch 38 or the HBOC 35 when compared with those treated with the tetrastarch. In a trial in major abdominal surgery, 39 a significantly lower number of patients randomized to the tetrastarch group were exposed to allogeneic blood products, although perioperative blood losses were not reported. Another study compared 130/0.4 tetrastarch with 5% albumin solution in patients undergoing living donor liver transplantation 40 and did not report blood loss, but the use of packed red blood cells and fresh frozen plasma was not different between the 2 groups. Two single-blind randomized studies compared the effects of a waxy maize-derived 130/0.4 tetrastarch with either a mixture of colloids or hexastarch and modified fluid gelatin on renal function while presenting data on blood loss and allogeneic blood transfusion 41, 42 (Table 4 ). Neither reported a significant difference in perioperative blood loss between the studied colloids.
Finally, 2 single-blind randomized studies compared the effects of a waxy maize-derived 130/0.4 tetrastarch with Ringer's lactate solution and 20% albumin on tissue inflammatory response and organ perfusion in patients undergoing cardiac surgery 43 or hepatectomy 44 (Table 5 ). In the cardiac study, 1500 mL of either HES 130/0.4 or Ringer's lactate solution was given for cardiopulmonary priming. There were no significant differences in any of the measured variables, including postoperative blood drainage, between the 2 groups, except plasma potassium concentration, which was higher, and plasma chloride concentration, which was lower in the tetrastarch group. In the hepatectomy trial, patients randomized to the colloids required less postoperative fluid volume than those randomized to the ANESTHESIA & ANALGESIA crystalloid. Intraoperative blood loss did not differ among the 3 groups. Postoperative blood loss was not reported, but the authors stated that the use of blood products was not different among groups. Hepatic enzymes increased in all groups but were not different among groups. Postoperative inflammatory reaction assessed by C-reactive protein appeared to be less pronounced in the tetrastarch group.
In summary, 38 studies have evaluated the effects of tetrastarch on blood loss in patients undergoing various surgical procedures, mainly cardiac, major abdominal, or orthopedic surgery. Among these studies, 1602 patients received a tetrastarch solution and 1678 another colloid or crystalloid solution. Among these 38 trials, 36 evaluated the waxy maize-derived 130/0.4 tetrastarch, 1 evaluated the potato-derived 130/0.42 tetrastarch, 23 and 1 evaluated both tetrastarches. 45 The studies varied markedly in their protocol, design, and objectives. Overall, no study demonstrated an increase in perioperative blood loss, allogeneic blood volume transfused, or exposure to allogeneic blood products in patients receiving tetrastarches compared with those receiving other colloids or crystalloids. The ratio of blood loss in the tetrastarch group to other groups varied from 0.75 to 1.01, with a mean and 95% CIs that were < 1.0 for comparison with other HES or human serum albumin, and inclusive of 1.0 for gelatin and crystalloid (Fig. 3) . Twenty trials reported on red cell transfusion in 2151 patients. Three hundred eight-six of Studies using hemodynamic stability as the primary objective and reporting blood loss data. All studies of randomly allocated patients. Author's name in italics indicates publications that specifically indicated that the trial was double blinded. Data shown in italics indicate a statistically significant difference. NR = not reported; HES = hydroxyethyl starch. a Total number of packed red blood cells transfused in each group. & corresponds to intraoperative data; postoperative blood loss and erythrocyte transfusion were not different between groups. b From the text written in the Results section. c Cumulative volume up to first postoperative day. d Corresponds to volume administered from baseline to 4-6 hours after surgery. Volume of colloid administered thereafter up to postoperative day 1 was 8 ± 28 mL in the HES 130/0.4 group and 14 ± 30 mL in the albumin group. e Data not presented, statement written in the Abstract. f Mean value calculated from data presented: difference between groups stated significant in the text. Fig. 4 ).
Coagulation, Trauma
Two studies reported data on blood loss or transfusion requirements in trauma patients. 46, 47 The first study was a single-center randomized single-blind trial that evaluated the effects of repetitive doses of up to 70 mL/kg of HES 130/0.4 compared with pentastarch plus albumin in intensive care unit patients with severe head injury. 47 Blood drainage and estimated other blood loss were not different between the 2 groups of patients. Intracranial bleeding complications were not different between groups (5/16 in the tetrastarch group and 5/15 in the pentastarch + albumin group) and were not accompanied by coagulation disorders. The second study was a single-center randomized double-blind trial comparing HES 130/0.4 with isotonic saline in severely injured patients requiring more than 3 L of fluid resuscitation in which blunt and penetrating trauma were analyzed separately. 46 In the penetrating trauma patients, the volume of erythrocytes transfused was not different between groups (HES 130/0.4, 1553 ± 1562 mL; NaCl 0.9%: 1796 ± 1361 mL). In the blunt trauma patients, the volume of erythrocytes transfused was significantly higher in the tetrastarch group than that in the saline group (HES 130/0.4, 2943 ± 1628 mL; NaCl 0.9%: 1473 ± 1071 mL; P = 0.005), as was the volume of transfused fresh frozen plasma and platelet concentrates. These may have been related to a clinically and statistically significant greater severity of injury in the HES group.
Renal
Of the reports meeting the a priori criteria, 41 publications included data regarding renal outcomes of acute renal failure, need for RRT, serum creatinine, creatinine clearance, blood urea nitrogen (BUN), or urine output (Fig. 5 ). Twentysix were in major noncardiac surgery, 10 in cardiac surgery, 2 in trauma, 1 in volunteers, and 1 in stroke. Three studies were in children (1 cardiac, 2 noncardiac). The volunteer and stroke studies were excluded from subsequent analysis as they were not in a surgical environment, but neither suggested any renal harm. One additional report examining large infusions of a tetrastarch compared with a pentastarch plus albumin, for up to 28 days in an intensive care unit after head trauma, was not included because there was no specific indication that the patients had undergone surgery. 47 However, there was no suggestion of adverse mortality (no deaths in 16 patients in the tetrastarch group and 2 deaths in 15 patients in the pentastarch group) or adverse renal effects (renal failure: 0 with tetrastarch, 2 with pentastarch, and no differences between groups in serum creatinine or creatinine clearance). This resulted in 38 publications with ANESTHESIA & ANALGESIA 3127 randomly allocated patients, of which 1532 were given a tetrastarch and 1595 were given a comparator fluid (Fig. 5 ).
Renal Replacement Therapy
Seven studies reported the need for RRT ( 
Creatinine
Twenty-one studies reported on serum creatinine concentrations or creatinine clearance after administration of the test fluids (Table 7) . One thousand five patients were given a tetrastarch, and 1051 patients were given a comparator for studies in major abdominal surgery, 42, [48] [49] [50] abdominal aortic surgery, 41, 51 cardiac surgery, 43,52-55 pediatric cardiac surgery, 21 orthopedic surgery, 34, 35 major urologic surgery, 39 laparoscopic abdominal surgery, 56 hepatectomy, 44 hepatic transplantation, 40 and renal transplantation. 57 The period for which creatinine was reported varied up to 14 days after administration. All but 3 studies showed no difference in peak creatinine concentrations or nadir creatinine clearances during the postoperative period. Two studies found a statistically better outcome for a tetrastarch, 41,56 and 1 found a lower creatinine with a crystalloid comparator, but no difference in change of creatinine or creatinine clearance. 53 Overall, there was no indication that administration of a tetrastarch resulted in creatinine clearance or plasma concentrations that differed from that of any other group (Fig. 6 ). The ratio of peak serum creatinine in the tetrastarch group to other groups varied from 0.86 to 1.08, with 95% CIs inclusive of 1.0. Of special interest is renal function where the risk of renal impairment is increased: after kidney or hepatic transplantation or abdominal aortic surgery. In a trial of 80 patients undergoing renal transplantation, 40 were randomly allocated to receive a tetrastarch and 40 were given 4% succinylated gelatin, 57 with volumes of colloid and red cells administered and operative duration that did not differ between the groups. After transplantation, serum creatinine, serum β2 microglobulin, urinary β2 microglobulin, and α1 microgloblulin concentration decreased similarly in the 2 groups, but BUN decreased more rapidly and urinary microalbumin reached a statistically lower concentration in the tetrastarch group than that in the gelatin group. In a trial of 40 patients undergoing hepatic transplantation, 20 ANESTHESIA & ANALGESIA patients were randomly allocated to receive either a tetrastarch or a human serum albumin. 40 There were no significant differences for serum creatinine or creatinine clearance between the 2 groups. A study of 65 patients (random allocation: 32 given a tetrastarch, 33 given gelatin) with preoperative renal impairment who underwent abdominal aortic surgery found no differences between the 2 groups for postoperative serum creatinine, creatinine clearance, or urine output. 51 Another study randomly allocated 21 patients to be given a tetrastarch, 21 patients to be given a pentastarch, and 20 patients to be given gelatin during aortic aneurysm surgery. 41 Urinary α1 microglobulin, immunoglobulin G:creatinine ratio, BUN, and creatinine were lower in the tetrastarch group than that in the gelatin group.
Urine Output
Thirty-five trials with 2616 patients compared urine output after random allocation to receive a tetrastarch (1264 patients) or a comparator (1352). No study reported a statistical difference between groups. Although some trials had a relatively small sample size, none of the reported values were of sufficient magnitude to suggest that larger studies would detect a difference that might be clinically meaningful.
In summary, 24 trials evaluated the need for RRT or creatinine clearance or concentration in 1134 patients given a tetrastarch and 1177 given a comparator. There was no evidence that tetrastarch administration induced renal impairment as judged by these variables, including in subpopulations of patients at high risk for postoperative degradation of renal function.
DISCUSSION
We found that trials randomly allocating patients to receive tetrastarch just before or during surgery, or both, do not appear to indicate that tetrastarch is associated with the adverse clinical outcomes of increased blood loss, increased use of allogeneic red cells, increased incidence of renal impairment or failure, or mortality. The data failed to provide any suggestion of such adverse consequences of tetrastarch administration in the surgical environment. We assessed only trials that randomly allocated patients to receive the tetrastarch or the comparator to minimize bias, but we did evaluate both blinded and unblinded trials. Although an unblinded trial is vulnerable to greater bias compared with a blinded trial, we did not detect any difference in the results of these 2 types of studies.
A previous examination 58 reviewed individual data of patients from 7 studies comparing HES 130/0.4 to HES 200/0.5 for perioperative intravascular volume replacement. Although patients randomized to the tetrastarch group received more starch than those randomized to receive pentastarch, they had less perioperative blood loss, were less frequently exposed to allogeneic blood products, and when transfused received a smaller volume of packed red blood cells.
It is worth noting that the duration of follow-up in the trials that we evaluated was relatively short. It is understandable that the follow-up period was limited, as most of the trials were performed before any suspicion was raised of possible long-term adverse effects. Furthermore, many of the trials examined were for regulatory purposes, and their design was driven by regulatory considerations. The relatively limited duration of reporting, in part, may account for the difference between our results of no adverse safety effects and the opposite finding of other reports, such as the recently completed so-called 6S study. 13 In that trial, follow-up was for 90 days, but no differences in survival were noted until 60 days after HES administration. In addition to the issue of reporting duration and study design (a randomized clinical trial versus review of previously published studies), other important differences, such as the long-term use of large volumes of HES, likely contributed to the differing results. Patient population is perhaps the most important difference between the studies that we analyzed and the 6S trial. It is likely that the preponderance of patients we included had relatively normal, intact endovascular function and glycocalyces; the opposite is likely to have been the case in the septic shock patients studied in the 6S trial (only 45 of the 798 patients were not in septic shock at the time of enrollment, and there was no suggestion of an adverse outcome in that small subpopulation). The endovascular glycocalyx acts as a selective barrier for exchange of fluid and molecules between plasma as tissue spaces, [59] [60] [61] and its degradation results in immediate tissue edema. 61 Septic shock and hypoxia degrade endovascular integrity and the glycocalyx, 16, 62 resulting in the extravasation of large molecules and fluid from intravascular to extravascular spaces. Such substantial extravasation of HES, together with an increased need for volume augmentation, would have resulted in the loss of its intravascular colloidal function, creating a need for additional fluid therapy, and unknown consequences for abnormal amounts of extravascular HES, either or both of which could have contributed to the observed increased late mortality in the 6S trial.
A recent meta-analysis assessed 25 trials of either perioperative or acutely ill patients, attempting to discern the influence of retracted publications, apparently as a prelude to the CHEST. 18 Six of the trials were in intensive n N care units, and 3 of those trials were in severe sepsis encompassing 101 patients of the total 1608 reviewed. We assessed considerably more trials strictly in the surgical setting, with more than 3 times as many patients. Thus, the 2 reviews differ in scope and intent. It should be further noted that none of the trials we examined, except the 2 trials with an HBOC, 34, 35 had a substantial number of patients, thus limiting the power of any one individual study. However, examination of the 38 surgical trials that reported blood loss in 1602 patients treated with tetrastarch and compared with 1678 patients given a comparator and 1134 patients given a tetrastarch and compared with 1177 patients given a comparator in 24 trials in whom renal function (RRT or creatinine) was examined did not provide a hint of increased blood loss, decreased renal function, or mortality. In fact, in those trials in which the comparator fluid was either other starches or human serum albumin, the blood loss with the tetrastarches was 0.88 and 0.75 of those comparators, respectively, with 95% CIs that did not cross 1.0. In addition, the 18 trials of 2022 patients reporting data for numbers of patients transfused with allogeneic red cells (not including the 2 trials that reported "no difference" without presenting data) suggest the possibility of a lesser transfusion rate with a tetrastarch than the comparators.
Of further consideration is the reliability of the primary clinical end point we assessed for coagulation function: that of blood loss. The estimation of intraoperative blood loss is subject to interperson variability, 63 and those values frequently differ from those estimated from changes in hematocrit. 64 While the absolute values reported in the clinical trials we assessed might have inaccuracies, the relative values comparing tetrastarches to other fluids administered should be more reliable, as within a trial the blood losses were estimated in the same manner by the same personnel.
Only 1 study in blunt trauma patients reported a higher exposure to blood product in patients treated with HES 130/0.4 compared with those treated with NaCl 0.9%. 46 In blunt trauma patients where there is more diffuse microvascular damage, adverse effects on coagulation may lead to greater blood loss and higher exposure to blood products. However, the authors (and we) could not form a conclusion regarding the influence of HES 130/0.4 on coagulopathy and bleeding in the blunt trauma patients as that particular group had a higher injury severity and the worst coagulation screen on admission, perhaps reflecting a higher incidence or severity of trauma-induced coagulopathy. 19 We had decided, before analyzing the reports, not to perform a formal meta-analysis because we judged from our knowledge that the trials were too heterogeneous in design and populations studied. We did not examine the use other HES products (pentastarches and hetastarches) for use in surgery or the use of tetrastarches during other circumstances (e.g., sepsis), and thus our conclusions apply only to tetrastarches when used in the surgical setting.
In summary, we conclude that data in the peerreviewed literature do not suggest an adverse safety signal when tetrastarches are used intraoperatively or in the immediate postoperative period or both. We did not address the continued postoperative use, as is being performed in the CHEST trial; thus, the data set we have presented here will stand separately from whatever those findings will be. The limitations (such as duration of follow-up) of the underlying data we examined suggest that it may be worthwhile to gather additional data in the postoperative period. On the basis of our inability to detect a hint of an adverse signal, at this time it would seem an inappropriate use of resources to conduct a fullscale randomized controlled trial. Rather, as hypothesis generating, it could be useful to examine existing databases or generate data in registries. E DISCLOSURES:
